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Wheat is a valuable crop in organic farming, and much effort has been put into optimizing yield and quality of organically grown wheat. In many areas the farmers prefer to grow winter wheat, and to achieve the highest possible yield and quality, they grow it after the best pre-crops in the crop rotations. A good pre-crop is typically one that leaves much available nitrogen (N) in the soil. However, winter wheat is established in the autumn, at the beginning of the main leaching period, and winter wheat develops slowly during the autumn. This means that there is a high risk of leaching loss of the N released from the pre-crops.
	This problem can be solved by shifting to spring wheat, as this may allow better management of N during the autumn. Catch crops can be established to reduce N leaching losses. If the pre-crop crops such as clover grass leys, the incorporation can be delayed until winter or early spring, to prevent autumn mineralization and leaching losses. 
	Farmers normally prefer growing winter wheat, mainly because spring wheat tends to give lower yields. But also for reasons of cropping system and wheat quality optimization, organic farmers prefer growing winter wheat. Growing catch crops in the autumn and then spring wheat in the next season may strongly reduce the leaching of nitrate, and increase the yield of spring wheat, possibly to the level which can be obtained by winter wheat.
	Based on this, the objectives of this project was to test wheat cropping systems including catch crops. Growing catch crops in the autumn, followed by spring wheat in the next season is a well known method, expected to be effective in reducing nitrate leaching losses and increasing wheat yield. Alternatively, we established catch crops in wide spaced rows in early August, and sowed winter wheat approximately 5 weeks later. This was compared to growing spring wheat or winter wheat without catch crops. Root growth of catch crops and wheat, and soil N dynamics was studied to 2.5 m soil depth in these systems. Effects on wheat growth and yield, N and S uptake, and baking quality of the harvested wheat were also studied. 

Methods
	We established catch crops (cereal, crucifer or legume) in early August during three years. We used these three types, but changed the choice of species from year to year in our attempt to optimize the intercropping systems with winter wheat. 
	Before spring wheat, the catch crops were established in a normal stand, but where they should be intercropped with winter wheat, they were sown at a row distance of 0.48 m. Winter wheat was then sown at around 15 September, in normal pure stand, or in double rows between the already growing catch crop rows. 
	The catch crops were incorporated into the soil during March next year. Some of the catch crops had died off naturally during winter; others were still living at the time of incorporation. In the intercrops, winter hardy catch crops proved very hard to kill by row tillage in the spring, and only the naturally killed species are found to be relevant for this purpose. 	The main methods employed for the study of root and soil N dynamics in this experiment have been 1) the minirhizotron method for root studies, 2) soil samples and analysis of contents of ammonium-N and nitrate-N. With these methods we worked to a maximum soil depth of 250 cm. Soil inorganic N content was measured at four dates: Early August before catch crop sowing, mid November at the end of the growing season, mid April at the start of the new growing season and mid August after wheat harvest.
	Results and discussion
The results showed that crucifer catch crops reached rooting depths of 2.0 to 2.5 m during the autumn, whereas cereal and legume catch crops reached only around 1.0 m rooting depth. Similar differences have previously been found (Thorup-Kristensen, 2001; Kristensen and Thorup-Kristensen, 2004). Winter wheat reached rooting depths of only 0.5 m during the autumn. During the main wheat growing season spring wheat reached rooting depths of around 1.0 m, whereas winter wheat reached more than 2.0 m. The deeper rooting of winter wheat was the effect of its much longer growing season, it had reached a considerable rooting depth already before the spring wheat really started to grow around 1 May. 


Figure 1. Rooting depth development of the radish catch crop and of winter and spring wheat during autumn, winter and the main wheat growing season.

Where catch crops were grown during the autumn, soil inorganic N content (Ninorg) was strongly reduced by mid November. All catch crops had a clear effect, but the crucifers were the most efficient, especially in the deeper soil layers. Winter wheat had practically no effect on soil Ninorg by November, confirming that it is not good at preventing leaching losses during a wet autumn. 
	In April the Ninorg profiles in the soil was strongly affected by the catch crops. After catch crops, more Ninorg was found in the topsoil and less in the subsoil. The total Ninorg was reduced after catch crops. By April, winter wheat also showed a strong effect on Ninorg, on average close to 100 kg N ha‑1 less was found in the soil under winter wheat than in the uncropped plots. This shows that though winter wheat had little activity during autumn, it had a high activity during early spring, even before sowing of spring wheat.
	After wheat harvest, soil Ninorg was strongly reduced compared to the spring values, as expected due to wheat N uptake. As expected, growing catch crops in the autumn followed by spring wheat was a very efficient system, giving good wheat yields and leaving very little Ninorg in the soil at harvest. With the catch crop, Ninorg had been moved to the upper soil layers where the relatively shallow rooted spring wheat was able to take it up. The subsoil where spring wheat had no rooting was left with practically no Ninorg in the spring, and also after spring wheat harvest. More Ninorg was found after wheat grown without catch crops, but especially after spring wheat the amount of Ninorg was high.  The largest difference in Ninorg after spring and winter wheat was found in the soil layers between 1.0 and 2.0 m, i.e. the soil layers where spring wheat had no roots but winter wheat had. 

	
Figure 2. Soil Ninorg content to 2.5 m depth. Values from April in the established winter wheat crop, and right before sowing of spring wheat, and from August after wheat harvest.).

Intercropping winter wheat with catch crops in the autumn showed mixed results. Also when grown in rows 48 cm apart, the catch crops was efficient in reducing Ninorg in the autumn, and thereby reducing the leaching risk. However, it proved difficult to establish a successful winter wheat crop between the rows of the catch crops. Based on our results we believe that intercropping systems may be developed to improve N husbandry in organic winter wheat cropping systems, but they are not yet ready to be applied in practice. 
	The intercropping systems tried in this experiment were not successful, but the results showed that the normal winter wheat cropping system was better in using soil N than expected. This was due to the earlier and deeper root growth of winter wheat. During the main growing season, this made the winter wheat able to use much of the N leached to deeper soil layers during the autumn.
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